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51
Fisheries management and governance are beset by a myriad of complex challenges, which 52 have been recognized in the literature as wicked problems (Jentoft and Chuenpagdee, 2009) . 53
Wicked problems are not one-dimensional, they involve more than one conflict type, are difficult 54 to define, have no immediate solution, and best resolutions are not easily definable (Rittel and 55 Webber, 1974) . As a result, there is potential for multiple and conflicting stakeholder objectives. 56 This complexity is exacerbated by the fact that no single individual, discipline, or area of 57 expertise has all of the resources necessary to adequately address these wicked problems (Rittel 58 and Webber, 1974; Jentoft and Chuenpagdee, 2009; Haapasaari, Kulmala and Kuikka, 2012; 59 Glavovic et al., 2015) . The integration of knowledge across disciplinary boundaries (i.e., 60 interdisciplinarity, see definitions below), along with more inclusive and innovative approaches, 61
have been suggested as a stronger and more acceptable approach to manage fisheries (Feldman 62 and Khademian, 2001; Lejano and Ingram, 2009; Ludwig, 2014) . 63
To address the complex nature of fisheries, several conceptual and methodological 64 frameworks have been developed that facilitate an inclusive approach to fisheries management 65 (e.g., Adaptive Co-Management: Holling, 1978; Walters, 1986 an inclusive approach, and suggested means to integrate the ecological, economic, social, and 71 5 institutional dimensions into fisheries management. However, none of these frameworks was 72 explicitly developed to facilitate an interdisciplinary approach to fisheries management. 73
Interdisciplinary approaches to fisheries management and research exist on a spectrum of 74 interactions among and across disciplines. Interdisciplinarity can be distinguished from 75 multidisciplinarity by the degree of interaction between disciplines and extends beyond 76 collaboration to include the integration of data, methods, theories, concepts, and models (Klein, 77 1990; Huutoniemi, Klein, Bruun and Hukkinen, 2010; Haapasaari, Kulmala and Kuikka, 2012). 78
Transdisciplinarity goes further yet, and involves academic disciplines working jointly with 79 practitioners (Haapasaari, Kulmala and Kuikka, 2012; Klein et al., 2012) , which is an inclusive 80 and collaborative approach. To be successful as early-career fisheries professionals, students 81 should be introduced to the diverse disciplines and contexts relevant to fisheries science and 82 management (Bigford, 2016 Fig. 1a ; Table S1 ). The geographic distributions of the 122 fisheries related 139 undergraduate programs identified ( Fig. 1b; Table S2 ) and the 328 fisheries-related courses (Fig.  140   1c and Table S3 ) across Canada are similar to the distribution of graduate programs. Only four 141 provinces had graduate programs that were strongly related to fisheries (British Columbia, 142
Ontario, Québec and Newfoundland and Labrador; Fig. 1a ) and five provinces had 143 undergraduate programs related to fisheries (British Columbia, Manitoba, Ontario, Québec and 144
Newfoundland and Labrador; Fig. 1b) . Out of all the fisheries related programs in Canada, most 145 are only weakly related to fisheries, with only two provinces (Newfoundland and Labrador and 146
British Columbia) meeting a modest threshold of >50% of programs moderately or strongly 147 related to fisheries (Fig. 1a, b) . 148
Fisheries Education within the CFRN 149
Within the CFRN, which was a fisheries-centric network and where all research projects 150 were strongly fisheries-related (Fig. S1 and Table S1 ), only 19% of students were enrolled in a 151 dedicated fisheries program which further reveals the limited opportunities to get fisheries 152 training in Canada. The remainder were enrolled in non-fisheries programs (61% in biology, 153 15% in interdisciplinary programs, 4% in social sciences; Fig. 2 ). This strongly contrasts with 154 the assessment of McMullin et al., (2016) , where 74% of student members of the American 155
Fisheries Society were enrolled in a fisheries-related program, and only 26% were in non-156 specialized natural sciences programs. In addition, at Canadian universities, fisheries programs 157 are typically only available at the graduate level. At most universities, undergraduates only have 158 access to integrative programs (e.g., general biology). The small percent of CFRN students 159 enrolled in dedicated fisheries programs, and our evaluation of the programs offered at Canadian 160 universities, supports Dunmall and Cooke (2016) asserting that fisheries-specific degree 161 programs in Canada are uncommon. 162
Students considered that the CFRN was a good model to implement modern fisheries 163 education, and to train highly qualified personal that will be equipped with skills to address the 164 wicked problems inherent to fisheries management and governance. Most CFRN students joined 165 a university research group that specialized in a particular topic area within fisheries research. 166
However, single-focused research groups can lead to compartmentalized research and 167 specialization, which makes it difficult to achieve the interdisciplinary approach that modern 168 fisheries management requires. The CFRN provided opportunities to receive training and 169 experiences outside a student's discipline thereby facilitating capacity for students to approach 170 fisheries problems from a multi-disciplinary approach. 171
Student reflections on the CFRN
172
To evaluate the successes and challenges students experienced within the CFRN and to 173 explore the implications for fisheries education, research and management, all the CFRN 174 students were invited to participate in a series of structured discussions. More than 25% of the 175 CFRN students participated in at least one discussion (from 9 to 14 students; with an average of 176 11 students per discussion). These structured discussions consisted of 4 group meetings, covering 177 eight main topics: 1) how the CFRN complemented and enhanced our research programs; 2) how 178 the CFRN experience was unique; 3) what we particularly valued from our experience; 4) issues 179
and/or problems we faced that may have enhanced or hindered our academic progress Funding and administrative support was also provided for professional development workshops 217 and training opportunities both within the CFRN (e.g., workshops on scientific communication, 218
Bayesian statistics, computer programming) and outside of the CFRN (e.g., stock assessment 219 workshops, visits to other research groups). We would argue that these opportunities are rarely 220 available in more traditional graduate fisheries programs in Canada. 221
Lesson learned #2: Traditional university regulations can hamper collaborations among 222 university departments or outside academia and impede inclusive and collaborative fisheries 223
research. 224
For some students, academic institutional rules represented barriers to collaborative research 225 with industry and government partners. The co-construction of research projects and engagement 226 with non-academic research partners was limited in many circumstances. For example, several 227 universities would not accommodate industry partners, due to lack of university affiliation and 228 credentials to serve on supervisory committees providing guidance and support. Additionally, 229 some students felt the need to complete other academic requirements (e.g., coursework), and felt 230 more pressure to focus on activities that would materially contribute to degree completion, rather 231 than fostering industry collaboration. These examples demonstrate how the significance of 232 collaborative and interdisciplinary work with partners outside academia continues to be 233 unrecognized and unrewarded at many traditional academic institutions. 234
Lesson learned #3: Interdisciplinary training is still challenging in academia despite increased 235 demand for integration of disciplines in fisheries management. 236
Our structured discussions indicated that obtaining a truly interdisciplinary education is 237 difficult to accomplish, and that such efforts come at a cost. For example, enrollment in an 238 interdisciplinary degree tends to extend the duration of a program of study. Interdisciplinary or 239 multidisciplinary training are difficult to receive in many disciplines because academia programs 240 are effectively single-disciplined even within programs identified as interdisciplinary and 241
professors with an interdisciplinary training and background are rare. For example, 15% of the 242 CFRN students were registered in interdisciplinary programs, yet some of these students still 243 13 identified more strongly with a single discipline. Canadian fisheries programs do not currently 244 support interdisciplinary training because the resulting products are not yet valued in academia 245 (e.g., reports influencing policy and outreach efforts Goring et al., 2014) . In contrast, the CFRN 246 students not registered in an interdisciplinary program reported that the exposure to multiple 247 disciplines and interdisciplinary approaches through the CFRN significantly enhanced their 248 fisheries education. There were also concerns about the state of interdisciplinary research as a 249 course of study. Some students reported the widespread devaluation of interdisciplinary studies 250 because of the seemingly common stereotype within academia that an interdisciplinary degree 251 equates to being a generalist with no specialized skills. 252
Challenges in managing active participation of partners 253
Managing projects that are co-constructed and involve multi-stakeholder participation is 254
challenging, yet is the only way to conduct truly inclusive fisheries research to inform 255 Managing conflicting needs and expectations between collaborative participants is a 287 challenge to project completion time and outcomes. On the one hand, academics (university 288 professors) tend to focus on long-term 5+ year research programs, and outcomes such as student 289 graduation and publication of peer-reviewed research papers. A student's mandatory course 290 requirements and qualifying exams may delay initiation of a project by 1-2 years, yet students 291 are expected to complete all research and degree requirements within (optimally) a 2-to 4-year 292 period. On the other hand, industry members typically require specific information relevant to 293 their fishery, species, or fishing area on a shorter time scale, sometimes for the next fishing 294 season (i.e., within one year or less) or prior to policy or management decisions on emerging 295 issues (i.e., within months). In the CFRN, the realities of these different timelines and expected 296 outcomes were not always clearly understood, appreciated or valued by all partners, with some 297 students feeling that they were trying to meet conflicting or unrealistic expectations. This 298 situation was exacerbated by the mandated 5-year life of the CFRN, dictated by the program 299 under which it was funded. This has implications for the duration of networks or partnerships 300 that take a co-construction approach to research and will determine what deliverables are 301 possible and when they can be expected. 302
The CFRN as a model for an interdisciplinary and inclusive approach to fisheries education, 303 research, and management 304
The CFRN strongly enhanced our fisheries training by incorporating cross-discipline and 305 cross-sector collaborations and by taking an inclusive approach to fisheries. Moreover, the 306 CFRN allowed students to experience cross-disciplinary and inclusive collaboration at multiple 307 scales. This experience afforded a better understanding of the requirements (i.e., resources and 308 time) needed for collaborative projects to succeed independently of scale or scope. The CFRN's 309 approach also provided students with a diverse set of soft skills (e.g., teamwork, science 310 communication, problem solving) and perspectives necessary for the workplace that would be 311 difficult to achieve in a more traditional fisheries program. 312
Lesson Learned #6: An inclusive approach to fisheries research is possible at multiple scales 313
depending on project objectives, and available resources. 314
The CFRN students engaged in collaborations at several spatial, temporal, jurisdictional, 315 institutional, management, network, and knowledge scales (sensu Cash et al., 2006), with the 316 scale of collaboration determining the amount and type of resources required (i.e., human, 317 financial, technical, logistical). Some of the CFRN projects had very specific objectives, which 318 were addressed by one or two students from the same research group collaborating with a few 319 key industry members over one to two years. Small-scale projects such as these required only 320
modest resources yet still brought inclusivity and interdisciplinarity into the educational, 321 research, and management partnerships. In contrast, a larger-scale CFRN was refining a 322
Comprehensive Fisheries Evaluation Framework (CFRN-RCRP, 2014), which involved 11 323 students from three other CFRN projects and five universities across Canada. Throughout this 324 project the group of students met regularly through online meetings and at the end of the project 325 the students were brought together with other participants of the CFRN to share and collaborate 326 on their results. This required much greater logistical and financial resources but resulted in a 327 fisheries evaluation framework with a greater scope. 328
Lesson learned #7: Integrating a variety of soft-skills, technical -skills, approaches, and 329 perspectives helps fisheries education, research, and management to address multifaceted 330 fisheries problems 331
The concept of bridging single discipline silos of knowledge -both horizontally (i.e., across 332 geographic space, sectors, or disciplines) and vertically (i.e., across levels of organization) -was 333 Several students also felt that some of their most valuable learning interactions were from 357 interactions with other students (collaborative learning) within the CFRN that studied different 358 research topics and disciplines. Students felt less inhibited to ask questions in these peer 359 interactions than compared to settings in which supervisors or industry were present, resulting in 360 an increased discussion and understanding of specific disciplinary methods, techniques, theories, 361 and tools, encompassing the ecological, economic, social, and institutional dimensions of the 362 fisheries we were studying. 363
Recommendations for implementing interdisciplinary, collaborative and inclusive fisheries 364 education 365
Wicked problems that derive from fisheries management and governance are complex and 366 therefore require arrangements comprised of different sets of knowledge, skills, expertise, and 367 resource to address them. An education in fisheries science that involves interdisciplinary and 368 inclusive approaches to fisheries research is expected to produce better fisheries scientists and 369 managers (Bigford, 2016) . However, there are challenges to implementing approaches to an 370 interdisciplinary education. Here, based on lessons learned from the CFRN, we suggest 371 recommendations to facilitate the implementation of interdisciplinary, collaborative and 372 inclusive research in education. 373
Recommendation #1 to all participants: To achieve a broader interdisciplinary perspective, 374 an ideal program in fisheries would involve cross-sector collaboration across a wide range of 375 interested partners (e.g., industry groups, governments, Indigenous peoples, fishing 376
communities, international interests), as well as collaborations across disciplines and 377
universities. 378
Fisheries problems can be large multidisciplinary problems that require larger and more 379 diverse teams to solve. It is very difficult for one -or even two research groups-to possess the 380 broad array of skills required to undertake the increasing scale of research projects in fisheries. 381
To contend with this, we expect that there will be increased collaboration in fisheries research to 382 bridge silos between universities, departments and research groups. Without strong collaboration 383 from all parties, the ability to link research activities to priority questions for all fisheries 384 stakeholders, and to translate research findings into relevant fisheries policies for managers is 385 weakened. For these reasons, it is important to invest in increasing collaborative work among 386 disciplines and expertise (e.g., social sciences, natural sciences, fishing industry, and 387 government). While we encountered several obstacles to implementing interdisciplinary, 388 inclusive, and collaborative research through the CFRN, the quality of our training and of our 389 This legitimacy problem impacts students in interdisciplinary programs (e.g., training that 399 integrates the methods, theories, concepts and models from multiple disciplines) and students in 400 a single discipline program, receiving training in interdisciplinary research (e.g., through courses 401 20 to introduce other disciplines and methods to work collaboratively). There is a marked 402 disconnect between training students in fisheries science or fisheries management. In practice, 403 fisheries science tends to be strongly focused on the natural sciences, while fisheries 404 management incorporates more perspectives, including those from the social sciences. Truly 405 interdisciplinary programs can reconcile fisheries research and management. There are merits to 406 both interdisciplinary programs, with roles for both in the future of fisheries education and 407 
internships. 440
To foster the integration of natural and social sciences for inclusive research and students 441 training, we recommend cross-training courses and workshops be provided to create more 442 opportunities for students, from a variety of disciplinary backgrounds, to work on shared 443 research and ideas related to fisheries science and management. 
